SPECIFICATION 
TITLE OF INVENTION 
CLOCK AND DATA REGENERATOR WITH DEMULTIPLEXER FUNCTION 
BACKGROUND OF THE INVENTION 
5 Clock and data regenerators for high data rates are often combined with a 

demultiplexer function which divides the data signal into at least two data signals 
having half the data rate, which are then fed to an EXOR element which follows as 
phase detector. 

IEEE Journal of Solid State Circuits Volume 34, No. 9, September 1999, 

1 0 pages 1 320- 1 324, describes such a phase detector which has a third sampling flip- 
flop which is clocked by a phase-shifted clock signal. 

This principle is likewise used in the patent specification DE 19717586 CI, 
but two EXOR elements are used in order to generate a comparison voltage and 
thus to compensate propagation time changes due to temperature differences. 

1 5 Owing to the sampling signals that are phase-shifted by 1 80° relative to one 

another, all the even-numbered bits of the data signal are accepted in a first 
sampling flip-flop and all the odd-numbered bits in a second sampling flip-flop. A 
third sampling flip-flop, referred to here as reference sampling flip-flop, is sampled 
with a clock signal delayed by 90°, that is to say in the temporal center between the 

20 other clock signals, and thus supplies an output signal which, given optimal 

sampling, is uncorrelated with the output signals of the other sampling flip-flops. 
By contrast, if the clock phase deviates from the desired value, the output signal of 
this flip-flop is correlated with the output signal of one of the other sampling flip- 
flops, which leads to a corresponding output signal of the EXOR elements acting as 

25 correlators. After filtering, the signal is used for correcting the clock phase of a 
voltage-controlled oscillator. 

It is a fundamental property of this arrangement that, owing to the sampling 
at half the data rate, only every second state of change in the input signal is 
evaluated for the correlation function; namely, by way of example, the transition 

30 from odd-numbered to even-numbered bits. If the input signal is configured in such 



a way that, at the instant of sampling by the third sampling flip-flop, no state 
change takes place in pairs over a relatively long time, such as, for example, in the 
case of a data signal "001 1001 1", then no differential signal occurs between the 
outputs of the EXOR elements. This state is maintained until either the data signal 
5 changes or the phase of the third clock signal has shifted to such an extent that state 
changes occur again. The output data signals are then interchanged, however, and 
bit errors occur until resynchronization. 

It is an object of the present invention, therefore, to specify a clock and data 
regenerator with demultiplexer which generates a phase regulating voltage for every 
1 0 change of a data signal . 

SUMMARY OF THE INVENTION 
A particular advantage of the present invention resides in the evaluation of 
all the state changes of the data signal. Therefore, a phase regulating voltage is 
generated as soon as changes occur in the data signal. 

15 hi an embodiment of the present invention, a clock and data regenerator is 

provided which includes: a first sampling flip-flop having a data input for receiving 
a data signal, having a clock input for receiving a first clock signal having a clock 
period corresponding to a duration of two bits of the data signal, and having an 
output; a second sampling flip-flop having a data input for receiving the data signal, 

20 having a clock input for receiving a second clock signal which is phase-shifted by 
180° with respect to the first clock signal, and having an output; a third sampling 
flip-flop serving as a reference sampling flip-flop, the third sampling flip-flop 
having a data input for receiving the data signal, having a clock input for receiving 
a third clock signal which is phase-shifted by 90° with respect to at least one of the 

25 first and second clock signals, and having an output; a fourth sampling flip-flop 

serving as a reference sampling flip-flop, the fourth sampling flip-flop having a data 
input for receiving the data signal, having a clock input for receiving a fourth clock 
signal which is phase-shifted by 180° relative to the third clock signal, and having 
an output; a first EXOR element having a first input connected to the output of the 

30 first sampling flip-flop, having a second input connected to the output of the third 
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sampling flip-flop, and having an output; a second EXOR element having a first 
input connected to the output of the second sampling flip-flop, having a second 
input connected to the output of the third sampling flip-flop, and having an output; 
a third EXOR element having a first input connected to the output of the second 
5 sampling flip-flop, having a second input connected to the output of the fourth 
sampling flip-flop, and having an output; a fourth EXOR element having a first 
input connected to the first sampling flip-flop, having a second input connected to 
the output of the fourth sampling flip-flop, and having an output; an addition and 
comparison circuit for combining the output of the first EXOR element with the 

10 output of the third EXOR element to produce a first result, for combining the output 
of the second EXOR element with the output of the fourth EXOR element to 
produce a second result, and for comparing the first and second results to produce a 
phase regulating signal which is then filtered; and an oscillator, wherein the filtered 
phase regulating signal controls a frequency of the oscillator. 

15 In an embodiment, the addition and comparison circuit includes first and 

second adders and a comparison circuit, the outputs of the first and third EXOR 
elements being combined in the first adder to produce the first result, the outputs of 
the second and fourth EXOR elements being combined in the second adder to 
produce the second result, and the first and second results being compared in the 

20 comparison circuit. 

In an embodiment, a subtractor designed as a low-pass filter is provided as 
the comparison circuit. 

In yet another embodiment of the present invention, the clock and data 
regenerator includes two further sampling stages and two further reference 

25 sampling stages having clock inputs for receiving clock signals each shifted by 45°, 
a duration of the clock signals corresponding to a duration of four bits of the data 
signal, and further including four pairs of EXOR elements and a further addition 
and comparison circuit which adds corresponding phase signals of the four pairs of 
EXOR elements and compares the added signals with one another. 
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Numerous circuit variations can be used, of course. Thus, it is possible, for 
example, to subtract the output signals of each EXOR element pair from one 
another and then to compare the results. It is also possible to perform boolean 
conversions including the inversion of input signals and the use of EXNOR instead 
of EXOR gates, etc. It is also possible to vary the circuit for specific types of code 
(CMI code) and to suppress phase regulating signals for a specific change in the 
data signal or bit combinations. 

Through the use of further sampling flip-flops and reference sampling flip- 
flops, it is possible to extend the circuit for demultiplexing into four or more 
parallel data streams. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following detailed description of the invention and 
the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows an exemplary embodiment of the clock and data generator 
of the present invention. 

Figure 2 shows a timing diagram associated with the clock and data 
generator of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates a clock and data generator according to the present 
invention. It contains four sampling flip-flops FF1 to FF4. This data signal is 
sampled by four clock signals TS1, TSl, TS3 and TS3 which are phase-shifted 
relative to one another. One period of these clock signals encompasses two bits of 
the data signal. The effective edges of the clock signals TSl and TSl are phase- 
shifted by 180°. The clock signal TS3 is shifted by 90° relative to the clock signal 
TSl. Equally, the clock signal TS3 is shifted by 180° relative to the clock signal 
TS3 and the clock signal TS3 is shifted by 90° relative to the clock signal TSl. 

In the locked state of the clock regenerator, the bits of the data signal DS are 
sampled by the clock signals TSl and TSl in the center, accepted into the sampling 
flip-flops FF1 and FF2 and broken down into two data signals Dl and D2 which, 



for their part, can contain two or more data signals which are interleaved with one 
another according to the time division multiplexing method, hi addition, the data 
signal is sampled with the clock signals TS3 and TS3 whose effective edges 
coincide with the edges of the data signal. The sampled bits are accepted into the 
5 reference sampling flip-flops FF3 and FF4. 

Four phase signals PS1 and PS2 and also PS3 and PS4 are generated in a 
manner known, per se, by EXOR elements, in this case EXNOR gates PD1, PD2, 
PD3 and PD4. Corresponding phase signals PS1 and PS3 are added in a first adder 
AD1 and the phase signals PS2 and PS4 are added in a second adder AD2 and are 
10 then compared with one another in a comparison circuit, an operational amplifier 
OP. The operational amplifier is simultaneously designed as a low-pass filter so 
that a filtered phase regulating voltage PRS is output by the comparison circuit and 
controls an oscillator VCO, which outputs the sampling clock signal TS1. hi 
contrast to what is illustrated symbolically, the shifting of the clock signals relative 
1 5 to one another is generally not achieved by delay elements, but by inverting clock 
signals. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
20 the hereafter appended claims. 
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